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摘要 
 
气候变化对不同的自然地理区域的淡水系统，尤其是人口集中、对水资源
高度依赖的近海流域的潜在影响的研究对于制定合理的水资源管理策略至关重
要。本篇论文选取中尺度近海流域—九龙江流域，基于 1961-2013 年近 53 年的
水文-气候与硝酸盐水质数据，评估气候变化对流域水量和水质及通量的影响。
研究结果表明，在过去的 50 年里，九龙江北溪和西溪年径流量没有明显变化趋
势，但随年降雨变化，呈自然波动。本研究开发的 L-R 图解法显示土地变化加
强了气候变化对径流动态的影响。 
上世纪 60 年代至 90 年代之间，硝酸盐的浓度增加了 30 倍，很大程度上归
因于人类活动。硝酸盐浓度的年内变化模式与水文气候的年内变异相对应。本
研究发现，气候的季节性变化对水质的潜在影响在湿季最为显著。在该季节，
强降水径流冲洗携带更多的流域营养盐进入水体，从而增加河流里的营养盐浓
度。1960 年代至 2000 年代之间，九龙江流域每年硝酸盐输出成倍增加，从每
年 169 吨增加到每年 26034 吨，这种硝酸盐年输出量的增加跟其浓度的增加呈
正相关性。水文气候变异性强烈地控制了硝酸盐的年内和年际输出。河流硝酸
盐的输出在丰水年和湿季非常高。超过 50 % 的年硝酸盐输出发生在 5 月至 8 月。
本研究结果显示，在人为干扰剧烈的近海流域内，淡水系统受气候变化的影响
显得更为脆弱。 
关键词：气候变化，径流，养分含量，硝酸盐出口，沿海流域 
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Abstract 
 
 
Study on the potential impact of climate changes on freshwater system across 
different physiographic regions is fundamentally important in order to formulate the 
sound strategies for water resource management, especially in the coastal watershed 
where peoples heavily concentrated and relied on water resources. Climate change is 
projected affecting water quantity and quality, in which was further explored in 
Jiulong River Watershed, a medium sized coastal watershed in Southeast China, using 
53 years data of hydro-climatic parameters and nitrate concentration from 1961 to 
2013. This study revealed the annual runoff dynamic did not show significant 
temporal trends in North River and West River over the past five decades (p= 0.904; 
0.430, p>0.05). It naturally fluctuated, following the annual pattern of precipitation. 
The L-R diagram developed in this study has demonstrated that land changes 
reinforced the impact of climate changes on annual runoff dynamic. 
Nitrate concentration has increased 30 times from 1960s to 1990s, largely 
attributed to anthropogenic activity. Intra-annual pattern of nitrate concentration has 
changed over time in response to hydro-climatic variability. This study inferred the 
potential impact of seasonal climate changes on water quality was most obvious 
during wet season, where heavy precipitation may flush more nutrients from 
watershed, thus increase the concentration. Annual nitrate export from Jiulong 
Watershed has also increased exponentially from 169 to 26034 t N a
-1 
during 1960s to 
2000s. This increase in annual export was positively correlated with increase in 
concentration. Hydro-climatic variability strongly controlled intra-annual and inter-
annual variation of nitrate export. Riverine nitrate export was extremely high during 
wet year and wet season. More than 50 % of annual nitrate exports are discharged 
during May-August. Freshwater system and coastal water become more vulnerable to 
climate changes under intensive anthropogenic disturbances within watershed. 
 
Keywords:  Climate changes, Runoff, Nutrient concentration, Nitrate export, Coastal 
watershed 
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Chapter 1 General Introduction 
 
1.1  Background 
Climate change defined as a change in the state of the climate variability either 
changes in timing or in magnitude for a longer period, typically decades (IPCC, 2014). 
Changes in climatic variability may potentially alter the hydrological cycle (Jiménez 
et al., 2014). The impacts of climate change are varied among region, for instance 
annual river runoff is projected to increase in wet tropical area and in high latitude 
region, while it tends to decrease in dry region at mid latitudes by the middle of the 
21st century (Bates et al., 2008). Projection on the impact of global climate changes 
on global runoff regime has motivated many experts to conduct research at the 
regional level to gain better understanding about the problem related to climate 
changes. Huang et al. (2014) investigated the annual runoff in Taiwan is magnified 
due to increased in intensity and variability of precipitation over the past four decades. 
Increase in intensity of extreme precipitation is likely attributed to the anthropogenic 
greenhouse gas emissions (Min et al., 2011; Pall et al., 2011). In contrast, decrease on 
summer precipitation in Yellow River has been identified as a major reason of decline 
on annual runoff (Piao et al., 2014). 
However, such a prediction of the impact of climate changes on runoff regimes 
must be interpreted carefully, since non-climatic drivers has started affecting the river 
runoff. For examples land use conversion, dam construction, water withdrawal, etc. 
(Milly et al., 2005; Jiménez et al., 2014; Mudelsee et al., 2003). Increase in runoff has 
been frequently reported as the consequences of deforestation and urbanization 
(O’Driscoll et al., 2010; Liu et al., 2012). Increase on impervious area due to urban 
sprawl lead to reductions of water residence time (Milly and Wetherald, 2002). 
During period of heavy precipitation, amplified runoff often caused flooding in the 
low land city. For dam construction, it might changes the seasonal pattern of runoff. 
Dam tend to reduce peak runoff in the downstream (Maingi and Marsh, 2002; Hu et 
al., 2008; Supit and Ohgushi, 2012). Reservoirs play an important role on retaining 
the water during wet season and releasing it during dry season. Decreasing trend of 
river runoff is often observed in urban watershed, where people relied on river water 
as drinking water sources, irrigation, and industrial purposes (Xu et al., 2013; Milly et 
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al., 2005). Escalated water demand is closely related to population growth and 
economic development (Bates et al., 2008). 
Climate changes are suspected not only affecting water quantity but also water 
quality. Nutrient export is predicted to increase with increase in runoff. Increase in 
nitrate export together with increase in temperature enable coastal water to experience 
more intense euthropication and algal bloom. Many studies underlined that nutrient 
concentration is flow-related (Williams, 1989; MacLeod and Whitfield, 1996; Bangu 
and Whitfield, 1997; Pionke et al., 1999). Greater runoff tended to dilute pollutant on 
the river in the past. Differently, greater runoff might sweep more pollutant from 
watershed due to more intense extreme precipitation in the future. Drinking water 
quality may be under great risk, since temperature and precipitation are projected to 
increase and potentially promote nutrient loading into river (Jiménez et al., 2014). For 
example, unusual warming led to periodic cyanobacterial blooms in a Lake Taihu 
during spring season in 2007. Million people thereafter had to drink bottled water 
(Qin et al., 2010). Similar to runoff, changes in water quality in respect to climate 
changes should be clarified with non-climatic drivers. 
Freshwater is widely recognized as the most essential natural resources in 
human life history, yet it has been threatened by anthropogenic activities (Bates et al., 
2008; Vӧrӧsmarty et al., 2010). China, as the most populated nation in the world is 
expected receiving high environmental threats toward water pollution and water 
scarcity. Water pollution is primarily driven by transport of pollutant from agricultural 
activity, urban settlement, and industrial sector. Large amount of pollutant are directly 
discharged into river beyond the assimilative capacity of water body because of lack 
of waste water treatment facilities. Plenty studies have been conducted to address the 
relative importance of anthropogenic activities on riverine nitrate export from 
watershed. For examples, Boyer et al. (2002) and Howart et al. (2006) found the 
magnitude of riverine nitrate export from many large basins in North America is 
positively determined by the amount of N input. Fertilizers, animal feeds, biotic 
fixation, mineralization, and atmospheric deposition are the main sources of 
anthropogenic N input in watershed (Boyer et al., 2002; Chen et al., 2008). As human 
populations continue to grow, the demands for food also increase thus promote the 
intensification of agricultural activity. Farmers use fertilizers to foster the crops to 
grow bigger and faster. Estimation of nitrate export across different landscape patterns 
within catchment therefore being frequently conducted. Alvarez-Cobelas et al. (2008) 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Chapter 1 General Introduction 
3 
 
discovered nitrate export from catchment dominated by crops was four times higher 
than those from catchment dominated by forest. Application of chemical fertilizer in 
the cropland has caused high nitrate export from agricultural landscape in Taiwan 
(Huang et al., 2012
b
).  
There are plenty studies addressing the impacts of climate changes on 
hydrological process (Arora, 2002; Bormann, 2010; Huang et al., 2013; Huang et al., 
2014; Milly et al., 2005; Piao et al., 2010; Xu et al., 2009; Ye et al., 2013), yet such 
kind impacts on riverine nitrate export are still less explored. For example, Kaushal et 
al. (2008) observed nitrate export during period of wet year in 2004 was extremely 
higher than that during period of drought in 2002, especially in agricultural watershed. 
Howarth et al. (2006) and Sobota et al. (2009) identified the relative influence of 
climate characteristics on nitrate export from 16 large watersheds. Nitrate export from 
watershed with higher runoff and precipitation was higher than that from watershed 
with lower runoff and precipitation. Although Jiménez et al. (2014) have emphasized 
the difficulties on observing the potential impact of global climate changes on water 
quality since it might be influenced by non-climatic factors, however this challenges 
must be accepted by conducting research in regional level which has been 
experienced problem related sustainable freshwater use.  In this paper, the relative 
impacts of hydro-climatic variability on riverine nitrate export were investigated in 
Jiulong River Watershed, Southeast China based on long-term historical data. This 
study provide us a better insight about how natural ecosystem response to the changes 
in climatic and non-climatic factors over decades in which could be fundamental input 
for water resources management.  
 
1.2 Study Area 
This study presented Jiulong River Watershed, a medium scale coastal 
watershed, located in Southeast China (from 116°46’55” E to 118°02’17” E and from 
24°23’53” N to 25°53’38” N) (Fig. 1-1). This watershed is considered as the second 
largest watershed in Fujian Province with total basin area of 14700 km
2
. Natural is the 
dominant land-cover type in the watershed accounting for 70-79 %, followed by 
agriculture which accounts for 21-29 %, and built accounts for 2-4 % of the total area 
(Huang et al., 2012
a
). Two major tributaries of North River and West River formed 
this watershed. Downstream of these two rivers meet in Zhangzhou and discharge 
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about 12 billion m
3
 of annual runoff into Xiamen coastal water and eventually 
reaching Kinmen-Taiwan strait. 
 
 
Fig. 1-1 Study area of Jiulong River Watershed 
 
Administratively, Jiulong River Watershed covers eight counties, including 
Zhangzhou, Xinlou, Zhangping, Hua’an, Changtai, Pinghe, Longhai, and Nanjing. 
Nearly a quarter of Fujian Province’s GDP (Gross Domestic Product) is contributed 
from the regions within this watershed (Huang et al., 2012
a
). The watershed is rich of 
natural resources, including forest area, mineral deposit, and arable land. Zhangzhou 
plain has been one of the most developed regions in China in term of agricultural 
production, with the main products of banana, longan, litchi, pomelo, citrus, and 
flowers. In 1994, Zhangzhou was approved as a National Export-oriented Agricultural 
Demonstration Zone. Chinese government encouraged agricultural development 
through National Agricultural Policy in 1980s, to meet the demand of national food 
security. Anthropogenic disturbances have become unavoidable in watershed. Large 
conversion of forest area into agricultural land was detected during 1986-1996. 
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Urbanization has also started appearing in watershed, where built up land has 
increased steadily over time (Huang et al., 2012
a
; Zhou et al., 2014). The dynamic 
changes in land use pattern were described in Fig. 1-2. 
 
 
Fig. 1-2 Land-use pattern in Jiulong River Watershed during 1986-2010. Data of 
land use pattern were obtained from Huang et al. (2012) and Zhou et al. 
(2014) 
  
Jiulong River Watershed has been also disturbed by hydrological modification 
through construction of abundant dams along the catchment in order to operate 
hydropower plant (Huang et al., 2013). Water quality degradation is also largely 
associated with economic and population growth (Huang et al., 2014). Untreated 
waste water is discharged directly into river due to lack of waste water treatment 
facilities. 
 
1.3 Analytical Framework 
The main objective of this study was to explore the potential impact of changes 
in hydro-climatic variability on riverine nitrate export from Jiulong River Watershed 
over the past five decades. Analytical framework of this study was clearly described 
in Fig.1-3. Many river basins have been threatened by climate changes due to 
alteration of hydrological process in a catchment, either by changing the timing or the 
magnitude of river runoff. As climate changes, river is expected to receive more or 
less pollutant from watershed. Catchment and river relied on precipitation to be 
connected. As precipitation increase extremely, it may flush more nutrient from 
catchment. In contrast, longer period of drought may allow the catchment to store 
more nutrients. 
  
1986 1996 2002 2007 2010
Year
1986 1996 2002 2007 2010
Year
1986 1996 2002 2007 2010
Year
% NATURAL % AGRICULTURE % BUILT-UP
79
70
74
71
73
21
29
24
26
22 0.7
1.6
2.2
3.6
4.3
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